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Abstract 
In the coming decades, agricultural systems will have to adapt to tremendous 
challenges. Behavioral models have important potential to better understand 
and steer changes toward sustainability brought about by this context. Relying 
on a literature review, we distinguish incremental changes (extensions of what 
is already done) and transformational changes, which involve the reorienta-
tion of a considerable amount of farming activities. Transformational changes 
are particularly important in the context of global change. Existing integrated 
modelling frameworks based on behavioral theories are suited for incremental 
changes, but remain limited for transformational changes. Qualitative studies 
provide important insights on two key aspects of transformational changes, 
learning and social relations, but they have not been explicitly oriented toward 
computer modelling yet. Based on this literature and three seminal deci-
sion-making approaches, we propose a description of transformational change 
processes in farm decision-making, as a first step toward an implementation 
in agent-based models. 
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1. Introduction 
In the coming decades, agriculture will be faced with huge challenges: agricul-
tural systems will have to decrease their environmental impact while producing 
enough food for a growing population. Meanwhile, they will have to cope with 
important uncertainties: climatic, economic, politic… [1] [2] [3]. In this context, 
agricultural systems will have to adapt to remain sustainable. 
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To understand agricultural adaptations and transitions, modelling has become 
an essential methodology [4] [5] [6]. Until recently, most agronomic models 
remained mainly driven by an economic optimization approach, focusing on the 
farm and its technical and economic characteristics [7] [8]. They generally 
present the farm decision-making in terms of factors, barriers and motivations 
[9]. To better understand changing dynamics, [10] identify a need for integrated 
and dynamic modelling frameworks, based on explicit and well-motivated cog-
nitive and social behavioral theories. Complementarily, [8] shows that adapta-
tion is better understood by focusing on the “how” instead of “why”, and by 
considering the time dynamics of the farmer’s relationships to others. The mod-
elling of decision-making has grown from the review of [7] more than 10 years 
ago to the recent one of [6]. Insights from psychology have been more and more 
integrated in the models in order to understand how farmers decide, innovate 
and change. Among the various models of farmer decision-making, the 
agent-based models have particularly developed in the last few years. 
Agent-based models integrate cognitive and social behavioral theories, as well as 
farmers’ relation with other people and the environment [4] [11] [12]. Moreo-
ver, studying the evolution of a population of interdependent farmers is particu-
larly appropriate to design and test different policy options favoring innovation 
or adaptation. 
In this paper, we first introduce the notions of incremental and transforma-
tional changes in agriculture, relying on a literature review on adaptations. 
Transformational changes are particularly important in the context of global 
change, to cope with the tremendous challenges ahead. Then, we show that ex-
isting modelling frameworks based on behavioral theories are well suited for the 
description of incremental changes, but remain limited for understanding 
transformational changes. We also point out that key qualitative studies have 
described transformational changes, but a conceptualization clearly oriented to-
ward modelling is missing. Finally, we propose a description of transformational 
change processes in farm decision-making, with the perspective of implementa-
tion in agent-based models. 
2. Incremental and Transformational Changes 
Recently, the focus has progressively shifted towards transformational change in 
agriculture as a response to global change [13] [14]. Transformational change 
can be distinguished from “incremental adaptations”, which have been described 
as extensions of “what is already being done” [15]. By contrast, [15] identify at 
least three classes of adaptations as transformational: “1) those that are adopted 
at a much larger scale or intensity; 2) those that are truly new to a particular re-
gion or resource system; and 3) those that transform places and shift locations”. 
As incremental adaptations, transformational changes can be autonomous or 
planned, responsive or proactive [13]. Following another definition, transforma-
tional adaptation involves not only radical technical change but also changes in 
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“meaning making” (i.e. changes in intentions and attitude behind behavior) 
[16]. This last definition is close to the concept of “major change” proposed by 
[17], with the example of conversion to organic farming, which is also consi-
dered by [13] as a transformational adaptation. Indeed, a major change involves 
“the reorientation of a considerable amount of farming activities or resources, 
for example through transition from commercial farming to care farming or 
other diversification activity” by contrast with a minor change, which is just “an 
alteration to farming activities which does not change the direction or focus to 
the farm system” [17]. 
To cope with challenges ahead, incremental adaptation will not be enough: 
transformational changes are required [13] [15]. For example, incremental 
adaptation will only provide resilience to modest climate change and some larger 
scale adaptation options will be required in order to ensure long-term viability 
[18]. Reducing greenhouse gas emissions to sustainability targets also implies 
transformational changes [16] [18]. Transformational changes are required, but 
their implementation remains a tremendous challenge. For example, in the Eu-
ropean context, organic agriculture is far from having grown as much as the 
demand for organic products, even in places where conversion would be ob-
viously profitable for farmers [19]. To foster transformational changes of agri-
cultural systems, modelling can play an important role [4]. In the next section, 
however, we show that the current state of the art is limited when it comes to 
understanding and modelling transformational change processes on farms.  
3. The Modelling of Decision-Making in Agriculture Is  
Focused on Incremental Changes 
Many researchers and policy makers still tend to view the farm throughout a 
simplistic lens [4] [5] [6] [20]. Yet, some conceptualizations have been proposed 
to show how various factors influence farmer’s decision, including education, 
professional experience, information network and farm characteristics [7] [10] 
[21]. However, according to [20], most of these studies do not consider the dy-
namic process by which actions are decided in specific situations. To overcome 
this limit, Martin-Clouaire [20] proposes a framework for modelling a flexible 
operational decision-making in agriculture. This framework reconciles three 
seminal cognitive decision-making approaches by proposing a revised Belief, 
Desire, Intention rational agency architecture [22]. The key role of heuristics is 
incorporated by giving the possibility to implement the “Decision Ladder” 
process control proposed by [23], or the recognition-primed decision protocols 
[24] to represent the various ways people decide (i.e. relying on more or less 
reasoning in the process and/or their experience as tacit standard for expecta-
tions to find out quickly a satisfying solution). Overall, this framework structures 
the decision-making behavior along a set of cognitive processes such as percep-
tion, interpretation, goal reasoning, planning and judgement to model a dynam-
ic adaptation of the farmer to the situation [20]. 
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Although Martin-Clouaire’s flexible view of decision-making is particularly 
relevant for adaptation issues, it remains primarily focused on incremental 
changes, as most of models of farmers’ decision-making. Indeed, [20] identifies 
two main limits to his framework: 1) a poor representation of learning; and 2) “a 
restrictive view of farmer as single agent, paying little attention to social rela-
tions”. As we develop in the next section, these two weak elements (learning and 
social relations) are precisely crucial elements to deal with transformational 
adaptation. 
4. Key Factors of Transformational Changes and First Steps 
toward a Conceptualization 
To study transformational change such as conversion to organic farming, [25] 
argue for the study of trajectories. This consists in studying the family-farming 
system in the medium and long runs [26]. Such trajectory analyses are typically 
based on comprehensive interviews with farmers. They reveal the importance of 
key factors, such as farmers trying new methods on the farm, peer group ex-
changes and collective co-construction of changes [27]. Then, following this 
principle, many studies have drawn typical trajectories of adaptation [28] [29] 
[30] [31]. These studies appear as an appropriated source of information to 
conceive and evaluate agent-based models. Particularly, [32] have shown how 
farmers learn a new practice through experimentation (on their farm or another 
farm), possibly discussing them with farmers or advisors. For this author, learn-
ing continues until what farmers have tested or seen can be assessed, based on 
references associated to their usual practice. All these studies show how farmers 
change not only their practices, but also possibly the entire view they have of 
their profession and their way of life [33]. 
These agent-level elements are typically not included in most existing model-
ling frameworks, such as proposed by [20]. This is also true for the collective 
construction observable at the population level. Indeed, according to the review 
of [34] current “representations [of farm evolution] are built according to a sta-
ble professional norm of the evolving farming system that doesn’t allow impor-
tant shift in the farming system over the long run”. A growing literature is cur-
rently challenging these representations, arguing norms evolve during the adap-
tation of farmers and from interactions between farmers [35]. In a key contribu-
tion toward a comprehensive conceptualization of transformational changes, 
Sutherland et al. [17] introduce the idea of a “triggering change cycle”. For these 
authors, “as a result of path dependency, major [transformational] changes in 
farming practices primarily occur in response to “trigger events”, after which 
farm managers intensify their considerations for the options open to them, and 
may set a new course of action”. Additionally, [36] develop the concept of “good 
farmer” to highlight farmers’ value changes in the transformational process. [37] 
[17] conceptualization of farmer engagement in the transformational change 
and the associated cognitive effort is consistent with socio-psychological theories 
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such as the “elaboration likelihood model” [38], as well as the transition man-
agement theory [39]. Although highly relevant, this conceptualization remains 
limited in the way the interactions between the farmer and other actors, espe-
cially peers, are dynamically represented. Complementarily, other studies focus 
on the role of networks rather than on the sole farm level. Particularly, [40] have 
begun to identify key characteristics of social and informational networks for 
transformational changes (strong access to knowledge and weak ties). The next 
section is intended to go further toward an implementation of transformational 
change in agent-based models, with a focus on learning and social relations spe-
cific dimensions of transformational change. 
5. Modelling Transformational Change Processes:  
A Proposal 
Similarly to Martin-Clouaire’s framework [20], our proposal is based on a criti-
cal analysis of three seminal decision-making approaches. They have been 
grounded from a social or anthropological perspective instead a cognitive one: 1) 
The management study of [41] deals with the decision process of an organiza-
tion facing a totally new situation diagnosed as a problem; 2) The diffusion of 
innovation theory [42], initially focused on farmers, particularly stresses out the 
role of network of peers who inform and reinsure farmers. These roles has been 
modeled by [43] [44]; 3). In social psychology, the Theory of Planned Behavior 
(TPB), extended from the theory of reasoned action [45] [46] stresses out the 
role of the intention to act in the decision-making process. This intention is not 
only based on self-assessment of the action, but also on its perceived value from 
farmer’s relevant relations (i.e. subjective norm), as well as the farmer’s feeling of 
control over the performance of the action. 
Consistently with Sutherland et al. [17], a proper model of a transformational 
change process can be based on two different phases for farmers and two differ-
ent related regimes: 1) the path-dependency regime during which only incre-
mental changes occur and 2) the transitory regime which is specific to a trans-
formational change, allowing to transit from a stable path-dependency phase to 
another one. The dynamics associated to these regimes are different. 
The first regime is the one for “incremental” adaptations in a stable context, 
or perceived as such due to various socio-cognitive barriers [47]. Farmers’ ref-
erences, values or norms do not change; some strategic change can occur but 
remain “under control” from the farmers’ point of view, allowing them to make 
a living from their practice and keeping their “good farmer” identity [36]. Far-
mers evaluate possible changes in terms of similarity to previous changes [24]. 
The more experiences they have, the less they rely on peers or external sources to 
assess and decide. The conceptual framework of [20] appears totally relevant for 
modelling this phase. 
Entering in the second regime begins with a realization. This can be due to 
one or several “trigger events” [17] [27] [31]. Trigger events can be related to 
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economic difficulties, climatic or health issues amplified by the instability of the 
context (external or internal to the farming household). The farmer may also 
come to realize that his system has become untenable [48]. This phase is a par-
ticularly uncomfortable state in which farmers doubt the relevance of their defi-
nition of “good farming”. Then, this state makes them open up to different op-
portunities, options and different ways of farming. 
Farmers actively look [40] [41] for more convenient practices and associated 
“good farming” definitions, remaining open to opportunities which can help 
them evolve. Farmers are highly sensitive to new information, especially when 
their uncertainty is strong [49]. They favor the more consistent one with their 
moral values and current unsatisfied goals. Developing a new complex option 
for adaptation is often very costly in terms of time, cognition and affect, as 
shown by [41] and consistently with [38]. Therefore, farmers focus quickly on 
learning and assessment of one possible transformational strategy at once. They 
can also return to the previous regime [49] if new information comforts their 
current set of practices. 
Change is closely related to the feeling of control over the considered practice 
[45], and more generally to the uncertainty in the process. During the whole 
transitory phase, the farmer acts to reduce uncertainty (by choosing more con-
fident source of information, preferring simpler options, trying new things on 
his farm, looking for relationships and knowledge reinforcing already made 
choices [10] [41] [49] [50] [51] [52]. Farmers are susceptible to changing their 
sources of information, the peers to whom they talk, and their advisers [41] [42] 
in order to find information and knowledge about a new practice, as well as to 
be reassured after they have chosen to adopt it. Their social network is dynamic: 
during the process, farmers adopt a more effective social environment in which 
to perform the new practice for achieving a desired outcome. They can also 
change their idea of what is a “good farmer” [31] [36], as well as the criteria used 
to evaluate their practice (for example, by giving more weight to the environ-
mental impacts). To implement the process in agent-based models, the intent to 
adopt a new practice (as defined by the TPB) can be used as a proxy. The intent 
becomes high when: 1) the searching farmer has observed and memorized 
enough successful experiences of other farmers; 2) his social environment is 
perceived as sufficiently in favor of this new practice; 3) he feels confident 
enough in his ability to perform the practice. The proxy can be compared to a 
personal threshold beyond which change is considered. This threshold varies 
from one farmer to another, depending on how risk-averse or risk-taking he is 
[53]. 
After transformational change is engaged, the next issue is to understand how 
farmers re-enter a path-dependency period. According to the diffusion of inno-
vation theory [42], the decision-making process is finished since the “new idea” 
is not “new” anymore for the decider and totally integrated as his own practice. 
During all the process, the farmer has made operational decisions driven both by 
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the previous practice and the new practice, with the aim to acquire knowledge 
and reduce uncertainty. When the intention to remain in the transformed sys-
tem is high enough, the farmer enters again a stable period dominated by incre-
mental adaptations. 
6. Discussion and Perspectives 
From the literature, we have pointed out the current need for transformational 
changes in agriculture. Modelling decision-making is promising, but it remains 
focused on incremental changes despite important qualitative studies on trans-
formational changes [17]. Our proposal for a description of transformational 
change processes is an important step further toward the implementation of 
transformational change in computer models. As a perspective, we believe that 
agent-based models are particularly interesting to tackle transformational 
changes, rather than sole farm models, due to the crucial importance of collec-
tive aspects in decision-making processes. Moreover, existing agent-based mod-
els provide a relevant basis and can be improved in the light of our proposals. 
For example, the agent-based model of [54] considers the social influence as the 
key to enter into a decision process. In this model, if the initial opinion about the 
change is negative or low, the agents do not consider the decision. They are not 
really considering the innovation until their social opinion is high enough. Our 
description of transformational change provides new insights on key parameters, 
processes and threshold effects to be implemented in such models to tackle 
transformational changes. 
It is important to point out that transformational change is neither opposed to 
nor independent from incremental changes: as [48], we have an integrated view 
of incremental and transformative adaptations in a unique cycle to adapt to 
global change. Finally, while some behavioral processes may remain fundamen-
tally impossible to model [4], we believe behavioral models of transformational 
change could provide important insights to foster the required rapid sustainabil-
ity transformations. 
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